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Pursuant to the Commission’s Notice of Proposed Rule Making, dated April 14, 2005, in the above referenced proceeding, Mr. Howard F. Illian, private citizen, submits the following comments.  As discussed in detail below, Mr. Illian supports the conclusion that the current imbalance provisions as implemented in most existing tariffs are discriminatory when applied to intermittent resources.  Mr. Illian also concludes that the recommended NOPR takes too narrow of a view of the problem, and as a result, will not provide resolution to the problems addressed.  

INTRODUCTION

Mr. Illian believes that the initial evaluation of the weaknesses of the current imbalance tariffs was not extensive enough to provide insight into how to best resolve the problem of correcting discriminatory tariffs.  Consequently these comments include more than simply comments on the recommended tariff provisions.  These comments include:

· Evaluation of the why the current imbalance tariffs are discriminatory.  This evaluation provides additional insight into which characteristics of the tariffs are discriminatory.

· Discussion of the effects that the recommended tariff could have on the continuation of “good operating practice” and the consequential effect on interconnection reliability.  Mr. Illian recommends that a tariff should never discourage “good operating practice.”

· Mr. Illian recommends that the best way to eliminate discriminatory characteristics of the Energy Imbalance tariff is to modify the tariff in a manner that results in its conversion into a cost-based tariff.

· Mr. Illian recommends the specific methods that can be used to develop a cost-based tariff and supports those methods with examples that demonstrate the working of the recommended methods.

· Mr. Illian recommends that the best way to eliminate discriminatory tariffs is not to create special interest definitions that favor one market participant over another, but instead, to modify the discriminatory characteristics of the tariff and replace them with cost justified provisions that allow the market participants to find the most economic and reliable ways to operate within the market on a non-discriminatory basis.

COMMENTS

As a private citizen, Mr. Illian has no motive in providing these comments other than to aid with the development of electric markets that are both fair and reliable.  If fair and reliable electric markets can be implemented, the electric customers, including Mr. Illian, will be afforded the protection of fair and equitable rates by those markets.  On the other hand, if the markets and the rules they operate under are captured by special interests, all of the customers in those markets will be at the mercy of those special interests with respect to both the rates that they pay and the reliability they receive.  This is an unacceptable outcome.

I. Evaluation of Why the Current Imbalance Tariffs are Discriminatory was Not Extensive Enough to Reveal All of the Discriminatory Characteristics.

The current imbalance tariffs are discriminatory because they have been written with the goal of forcing generators to conform to schedules through the use of penalties.  The very use of the word penalty provides insight into the nature of the current tariffs.  The word penalty fails to convey any need to understand the cost drivers associated with deviating from the schedules.  The sole purpose is conformance.  On the other hand, if the term penalty were to be replaced with the term “consequential incurred cost due to imbalance contribution,” the discriminatory nature of the tariff would be removed.  But, there would be little change in the outcome from both the incentive to follow schedules and the reliability of the interconnection.  In addition, a change to the tariff of this nature would result in improved market efficiency because it would encourage all of the market participants to make economically efficient scheduling decisions.

The current imbalance tariffs contain both obvious and hidden discriminatory penalties in its six provisions.

· The minimum price when there is under-supply or over-demand of energy.  This minimum price in many cases ( $100 / MWh ) is set well above expected market prices.

· The hourly dead-band percentages ( +/- 1.5% ) that segregates energy outside the dead-band.

· The percentage of cost penalty ( +/- 10% of incremental or decremental cost ) for energy outside the dead-band or energy not netted within a specific interval.

· The use of both incremental and decremental costs that may support different prices.

· The summing of all individual errors regardless of effect outside of the dead-band.

· Inflexibility that disallows schedule changes close to real time.

Each of these provisions in the tariffs can result in discriminatory penalties when applied to resources that are difficult to predict or control as contrasted with resources that are controllable.

A. Minimum Prices for Deviations are Discriminatory.

If the minimum price is set well above the incremental price of energy at the time of the imbalance, settlement of that imbalance will result in a discriminatory penalty, whether the settlement is the result of exceeding the hourly deviation dead-band or the settlement is the result of not having offset errors within the allowed thirty day period.  The industry has often used these kinds of minimum settlement prices between control areas to approximate the value of emergency energy, but they are misapplied when used for imbalance settlement.  When used by control areas to settle deviations between control areas, the minimum applies to energy that flows in both directions, and therefore, the resulting revenue from this provision can flow in both directions.  It is assumed that this bidirectional flow will tend to balance over the long term.  When used for imbalance provisions, the minimum price only affects energy that flows to the transmission customer.  There is no offsetting revenue flow in the opposite direction with imbalance as there is with bidirectional flows between control areas.  Therefore, the minimum, when applied, always results in discrimination against the transmission customer without the opportunity for that discrimination to be offset by minimum charges in the reverse direction.  The NOPR has recognized the discriminatory nature of this minimum and has removed this discriminatory provision of the tariff, but only for a special interest group of intermittent resource transmission customers.  The NOPR should also consider the removal of this discriminatory provision from the other imbalance tariffs.

B. Hourly Dead-band Percentages are Discriminatory.

Dead-bands by nature recognize that there are limits to how closely control action must be taken.  They fail to recognize that there is no single fixed percentage that correctly provides for adequate error control.  This is because there is diversity with respect to the way errors occur.  If the total system can experience total error of 0.25 percent, it may be reasonable to have a dead-band of 1.5 percent when the effects of average statistical error diversity are factored into the dead-band limit.  Unfortunately, when the diversity of errors is significantly reduced, that reasonable dead-band can result in unreasonable total performance.  Since diversity tends to vary on an electrical system from minute to minute and hour to hour, a fixed dead-band can only approximate an average limit, and is not capable of representing the best limit at any single time.

An example of this is easy to visualize.  If one were to assume all of the generators on the Eastern Interconnection were to operate within a limit of +/- 1.5%, the average frequency error would be well managed when those individual errors are independent from each other.  The total frequency error for the interconnection would be quite small because many of the errors from under-generation would be offset by other concurrent errors from over-generation.  This remains true as long as no outside influence causes all of these errors to be in the same direction.  If all of the errors were to occur in the same direction, under-generation or over-generation, the resulting error approaching 1.5% would cause the interconnection to fail due to frequency operations outside of reliable limits.  Factors that could influence this loss of diversity include weather that affects fuel supplies, extreme cold, extreme heat and unusual market prices.  Under these conditions that do occur, the fixed dead-band will assign few penalties while the interconnection experiences significant costs to maintain reliability of supply.  The dead-band structure requires that these costs be recovered through the penalties that are assessed at other times when the reliability problems and costs are less serious because they naturally offset each other.  It is this inability to assign cost responsibility at the time of occurrence that causes fixed percentage dead-bands to be discriminatory.  The NOPR has recognized the discriminatory nature of a fixed percentage dead-band, but has not resolved the problem.  The NOPR has instead created a special interest group within the tariff structure that will receive special consideration.

C. Penalties Based on Percentage of Cost are Discriminatory.

The penalties are based on the assumption that the costs associated with managing imbalances are proportional to the costs of energy.  This is not true.  The reasons for this can be discovered by looking at the cost drivers associated with energy and capacity supply and pricing.  Electric energy cannot be economically stored.  As a consequence, the prices in one hour may not be closely related to the prices in the next hour.  This is confirmed by the price volatility that the electric markets experience.  When the prices are compared from week to week, they become even less dependent on previous interval prices.  In addition, generation margin must be held ready to manage errors in both supply and demand.  Not only are reserves required to manage intervals of under-supply and over-use, but back-down margin is required to manage interval of over-supply and under-use.  Although the value of energy from these resources may have a weak relationship to energy prices, the value of the capacity and response costs associated with standing-ready-to-supply from these resources are not strongly related to the energy price but are instead related to capacity value.  This cost is represented best by the prices in the ancillary service markets.  In addition, the management of reserves and operating margins should be done with the goal of managing the cost of reliability risk.  Therefore, the best solution to the imbalance problem is to trade reliability risk from one hour to the next to minimize the total cost of the total risk.  Since energy cannot be stored, this interval to interval trading of energy is not available for energy.  Therefore, the prices of energy and the prices of imbalance management are driven by different market characteristics and their pricing is not strongly related.  If the prices of energy and imbalance reliability risk are not strongly related, the setting of prices for imbalance reliability risk based on energy price will be discriminatory.  The NOPR has recognized the discriminatory nature of these percentage cost adjustments, but as with the fixed percentage dead-band has not resolved the problem.  The NOPR has instead created a special interest group within the market that will receive special consideration in the tariff.

D. The Use of Different Incremental and Decremental Prices can be Discriminatory.

The net error on an interconnection can only be one direction at a single point in time.  The interconnection will either be over-generating or under-generating.  If both incremental and decremental prices are use for the same interval, then the price difference between the incremental price and the decremental price will result in discriminatory pricing for some customers.  In many markets, the pricing interval for the forward market is one hour, and therefore, the netting interval should also be one hour.  Correct procedure should use incremental prices when the interconnection is under-generating and additional incremental energy must be supplied, and decremental prices when the interconnection is over-generating and energy must absorbed.  Only one of these two conditions can exist for any pricing interval on the interconnection.  If the tariff is written to allow the concurrent use of both incremental and decremental pricing and those prices are different, the resulting pricing will be discriminatory.  The NOPR has failed to recognize this discriminatory characteristic of concurrent incremental and decremental pricing in its recommended intermittent resource imbalance tariff.

E. The Summing of Errors Outside the Dead-band is Discriminatory.

The effect of errors on imbalance reliability is not the result of individual errors but the result of net errors at any point in time.  This means that if there are two generators and one has an over-generation error of 100 MW and the other has an under-generation error of 100 MW, the effect on imbalance reliability is proportional to the net sum of the errors.  In this case, there would be no reliability effect because the sum of the errors is zero.  When errors outside of the dead-band are summed without first netting those errors, the revenue resulting from summing those individual errors is much greater than the revenue that would be derived from the net error.  It is the difference between the sum of the individual errors and net error that is discriminatory.  Although it is not appropriate to sum absolute errors within a single interval it is appropriate to sum net errors across intervals.  This appropriateness of summing errors across intervals is a consequence of the inability to store electric energy.  This is also supported by the changes in price between intervals that would be arbitraged by the market if energy could be economically stored.  Resource Imbalance tariffs have recognized the discriminatory nature of summing errors but offer a solution that incorrectly nets errors over hundreds of intervals ( 30 days x 24 hours ) instead of netting errors within each time interval.

F. Not Allowing Schedule Changes Close to the Real-time is Discriminatory.

Current tariffs that have been implemented without provisions that enable resources to change their schedules close to real-time are discriminatory because they result in larger penalties being assessed against resources that have large uncertainties associated with the differences between their day-ahead forecast and their hour-ahead (close to real-time) forecast.  Day-ahead forecasting has been acceptable practice in the industry because installed technologies have minimal uncertainty associated with the difference between day-ahead and hour-ahead forecasts.  When changes in forecasts are prohibited close to real-time, this discriminates against the intermittent resource because they are prohibited from changing their forecast despite available measures to mitigate much of the resulting detrimental effects.

There is a principle in tort law that states that a party that has suffered a loss in not entitled to recover avoidable costs of that loss if there were actions that could have been taken to mitigate the size of the loss incurred.  By prohibiting changes in schedule close to real-time the tariff would bypass any opportunity that changes in schedule would make available for the total or partial mitigation of the costs associated with that schedule change.  The objective of the tariff should be to encourage good operations and penalize bad operations, not insure that those unable to make good forecasts are punished by imbalance penalties.  The commission has recognized the discriminatory nature of prohibitions of these schedule changes and has attempted to address this problem in the Intermittent Resource Imbalance tariff.

II. The Summing of Errors Outside the Dead-band Discourages “Good Operating Practice” and is Detrimental to Reliability.

The above characteristic of summing of errors outside of the dead-band that exists in both the current and proposed tariffs is the most damaging characteristic because not only is it discriminatory but it also encourages deviation from “good operating practice” to the detriment of interconnection reliability.  The following example demonstrates this problem.

Example of Incentive to Deviate from “Good Operating Practice”:

One of the most important aspects of “good operating practice” for electric generators is the requirement that generators have a governor and operate the generator in a manner that allows that governor to provide a 5% Droop Characteristic.  This requirement has been included in both NERC Planning and Operating Standards.  A generator following “good operating practice” will automatically provide an increase or decrease from their scheduled output that includes this governor response.
  An interesting observation is that a generator operating in this manner, following “good operating practice” will exceed the 1.5% dead-band when ever the interconnection frequency deviates more than 45 mHz from schedule.  In addition, if the schedule is only part of the generator capability, a 500 MW generator serving a 250 MW schedule, the response is based on the capacity of the generator, not on the size of the schedule.  In this case of a partially loaded generator, it would only require a 22.5 mHz frequency deviation to trigger the 1.5% dead-band on the 250 MW schedule.  It should be unacceptable for any market based rule to penalize a generator for following “good operating practice.”   This incentive to deviate from “good operating practice” is more detrimental than any discriminatory pricing aspect of the tariff, because it is detrimental to interconnection reliability.  Any tariff proposed should eliminate this incentive to deviate from “good operating practice.”  This requires not only a change for Intermittent Resources but for all resources in general.

III. Eliminate Discrimination by Converting the Tariff to a Cost Based Tariff.

The NOPR has recommended that the discriminatory nature of the existing tariffs should be eliminated by creating special interest categories in the tariffs that convey special advantages to those special interests.  The justification for creating these special categories is the inability of the technology chosen to meet the requirements that other more traditional technologies are capable of meeting.  The NOPR therefore incorrectly concludes that because intermittent resources cannot meet the same scheduling requirements that more traditional resources are capable of meeting they should be assessed lower imbalance charges to reduce the penalty for not meeting those requirements.  They further state that this is justified because the penalties will have no effect on the behavior of those resources.  They fail to recognize that the failure to meet fair requirements will cause others on the same interconnection to incur additional costs.  They also fail to recognize that every technology has some characteristics that make its ability to follow schedules unique.  Therefore, using the same reasoning, the commission should create a special category for each generation technology that will relieve that technology from meeting schedules whenever its unique characteristics cause it to be unable to meet it scheduled energy delivery requirements.  This logical path is the path to never ending hearings on which technologies should be favored by what kind of special provisions in the tariffs.  This chosen path will not benefit the development of the electric markets.  It will instead plant the seeds of destruction of the economic efficiency that those markets offer.  In addition, this path will result in a decline in the reliability of the electric delivery system that has been a significant advantage to the economies of the United States and North America.

The correct path for the NOPR to follow was recommended by a large number of those commenting previously to this issue.  They recommended that the tariffs be converted to cost based tariffs.  If this is done, the discriminatory characteristics will be eliminated, and the market will become more efficient because it will afford each market participant the opportunity to find that optimum level of schedule performance that will make their incremental cost of performing better equal to the incremental cost of others in the market providing that same performance.  The difficulty is that, although many of those providing comments suggested that this be done, none provided specific suggestions on how to implement a cost based tariff.

The following recommendations include how a fair and equitable cost based tariff can be implemented to resolve this problem.  The following sections of these comments provide specific recommendations as to how the proposed tariff for Intermittent Resources could be modified to create a tariff that could apply to all resources.  These modifications are also fully scaleable and could also be applied to control areas eliminating the market advantages that control areas have that result in advantages for internal resources as compared to external resources.

IV. Recommended Modifications to the Proposed Tariff for Intermittent Resources.

Each of the specific provisions of the tariff in the NOPR is reviewed and discussed with respect to how that provision can be modified to convert the recommended penalty based tariff into a cost based tariff.  These specific recommendations should also be considered in the more general sense as recommended modifications to all resource imbalance tariffs to eliminate the discriminatory nature of these tariffs by converting them to cost based tariffs.  In later sections of this document the more complex provisions of these modifications will be explained in detail.

G. Settle Imbalances within the Dead-band at Incremental (/Decremental) Cost.

This provision in essence removes any minimum price ($100 / MWh) from the incremental price used for settlement of energy within the dead-band.  Removing the minimum price is the correct way to remove the discriminatory nature of minimum price provision of existing tariffs.  It removes any unreasonable penalty resulting from the minimum price while an appropriate value for the energy is retained.  It also removes some of the incentive to follow good scheduling practices which must be replaced by cost based incentives using other provisions.  The NOPR correctly mitigates the discriminatory nature of the provision.

H. Set an Imbalance Dead-band for Intermittent Resources of +/- 10% with a 2 MW Minimum.

The difficulty here is not with the size of the dead-band, but with the nature of using a dead-band to approximate a cost that increases as the size of the imbalance increases.  A dead-band only allows for two levels of pricing, one inside the dead-band and another outside the dead-band.  In the real world costs almost never vary in this manner.  A better representation of cost variation for this situation would be some kind of function that represents the cost increase as the imbalance increases.  Considerable knowledge and judgment is required to set the dead-band limits and the prices inside and outside the dead-band to approximate the continuous cost function.  In addition, as the performance changes, the dead-band and the prices must be modified to maintain a reasonable relationship to the real cost function.  This difficulty with directly specifying this kind of cost function is that one must know the nature of the cost variation before it can be represented with a continuous function that varies with imbalance and can replace dead-band limits and two dead-band prices.  In addition, the cost must also be properly apportioned among the parties contributing to the imbalance.

Research performed in conjunction with the development of the NERC Standards on Balancing Resources and Demand provides a logical basis for determining the nature of the cost variation associated with imbalance.  The results of this work can be used to determine the correct function to represent the cost increase that is experienced with increases in imbalance.  This same work also provides an effective method to correctly apportion costs among the parties contributing to the imbalance on both an instantaneous and integrated basis.  The result of a portion of this research has been implemented in the NERC CPS1 Criteria for measuring control performance of the NERC Control Areas.  This solution was first investigated as part of the work performed in conjunction with the NERC Joint Inadvertent Interchange Task Force.  These results indicate that the per-unit cost of imbalance control is directly proportional to interconnection frequency error.  In addition, the contribution of each participant on the interconnection to this imbalance can be measured with a covariance function that measures the correlation between the imbalance of the individual party and the total imbalance of the interconnection.  These functions can be used to provide a continuous function describing the imbalance cost variation and replace the dead-band unit-step function in the tariff.  The correct modification to the tariff would be to eliminate any penalties based upon the imperfect implementation of a dead-band and penalty pricing associated with that dead-band and replace the dead-band with the specific cost function related to imbalance.

I. Set the Imbalance Energy Price Outside the Dead-band to Incremental (/Decremental) Cost +/- 10%.

The difficulty here is not with setting an additional cost for managing the Imbalance, but assuming that cost is closely related to energy price.  Imbalances are managed with an insurance pool of capacity standing ready to supply the imbalance need when call upon.  The costs incurred to provide this insurance derive primarily, not from the cost of energy but, from the cost of standby capacity reserved for this purpose.  In addition, the cost of energy used to meet these imbalance energy requirements are not well represented by the incremental price of market energy.  They are based upon the cost of energy from generators that are either lower cost than the market price that have been reduced to provide sufficient response, or from generators whose energy was not dispatched in the market because they had prices greater than the market clearing price.  When +/- 10% is used as an adjustment to the incremental cost of the energy dispatched, it provides a poor estimate of capacity and energy costs actually incurred to manage the imbalance.

One way that the Intermittent Imbalance tariff can be converted to a cost based tariff is to base these additional costs on the actual expenditures that are made in the Ancillary Services market to manage the imbalances.  By apportioning the actual expenditures that are made to manage the imbalances to those parties responsible for the imbalances, an automatic feed back loop can be created that will result in imbalance charges that are not only cost based, but imbalance charges that will automatically adjust themselves to the changing conditions of the market with respect to both the costs of capacity and energy, and with respect to the actual imbalance experienced.  When this transition is made, the discriminatory nature of the +/- 10% adjustment is mitigated and the incentive to follow schedules is provided by a charge that is a close approximation of the marginal cost incurred as a consequence of the imbalance.  This Imbalance Management Adder is in addition to the cost of the energy itself and it provides the incentive to follow schedules that replaces the discriminatory penalties.  Therefore, this provision as represented by a percentage adjustment to the energy price in the tariff should be eliminated and the incremental (/decremental) price of energy alone should be used to capture the cost of the energy used to manage the imbalance.  Other cost based means that represent the cost of reserves held and dispatched should be used to provide the correct incentive to follow schedules.

J. Use Incremental and Decremental Prices.

The Intermittent Resource tariff uses both incremental and decremental prices without recognizing that both prices should not be used for a single settlement interval.  If there are multiple generators providing energy during an hour, the settlement interval, and each has an error, the control area will only control to meet the net error of all of the generators combined.  In addition, that net error will only require either an incremental change in generation or a decremental change in generation for that interval.  Therefore, only the incremental cost or the decremental cost should be used to settle a single pricing interval.  If both costs are allowed in the same interval, there is a discriminatory collection by the control area.  The discriminatory charge will be equal to the offsetting imbalances times the difference between the incremental and decremental cost.  This price difference is artificially increased when the incremental cost is increased by +10% and the decremental cost is decreased by -10% guaranteeing the control area a minimum 20% profit for doing the accounting.

Example of Incremental / Decremental Cost Discrimination.

Assume there are ten generators, with five of those generators contributing an error of +5 MWh each, and the other five generators contributing an error of -10 MWh each during the one hour settlement interval.  In this case, the control area would provide incremental energy to make offset the net imbalance of +25 MWh.  Further assume that the incremental cost is $35 / MWh.  The correct net charge for the energy provided would be 25 MWh times $35 / MWh or a total of $875 for the hour’s imbalance.  In addition, there should be a payment of an additional $875 from the generators that under-generated that gets passed through to the generators that over-generated.  If different costs are used for the under-generators, for example $35 / MWh, than the over-generators, for example $25 / MWh (estimated decremental cost), the resulting settlement always generates an excess in revenue above the costs incurred by the control area for supplying the imbalance energy.  In this case the control area would incur a net cost of $875 for incremental energy supplied.  It would charge the generators that under-generated a total of $1,750 for that energy while compensating the generators that over-generated to supply one half of that energy and only compensate them $625 for the energy they charged $875 keeping a net of $250.  They, in effect, compensate the over-generators at a different cost per MWh than they compensate others supplying some of the extra energy.  This is discriminatory for two reasons, 1) the control area makes a profit on the artificial price difference, and 2) the generators receive compensation at a discriminatory price for the energy they supply.  As stated previously, this effect is increased by the +/- 10% energy cost adder.

The correct way to specify the compensation is to set a single price for all energy within the interval at either the incremental cost or the decremental cost based upon the net position for the interval.  All imbalances should then be settled at that single price for that interval.  Gross settlement methods that charge some participants the incremental cost while compensating other parties the decremental cost for the same interval can be manipulated to increase profits without cost justification.  Those unjustified charges are discriminatory.  The NOPR should require that a single price, incremental or decremental be used within a single pricing interval and that netting of imbalances within a pricing interval is required before determining price.

K. Settle Errors Within the Dead-band at Incremental (/Decremental) Prices.

The Intermittent Resource Tariff requires that imbalance within the dead-band be settled at the incremental (/decremental) price with no provision for netting.  This corrects part of the problem with the Incremental Resource tariff but fails to eliminate that provision for other resources.  In effect this puts the Intermittent Resource at a discriminatory disadvantage unless all resource tariffs are modified to remove the ability to net across pricing intervals.  The errors should only be netted within each pricing interval, not across intervals.  Netting imbalance errors across intervals is discriminatory because price volatility from settlement interval to settlement interval provides the opportunity to game the price differences between interval prices.  It is this provision of control area settlement rules that causes the discrimination between internal and external resources.  This provision eliminates discrimination, but only for the Intermittent Resource.  It still leaves an advantage to control area internal resource over an external intermittent resource and provides an advantage to the non-intermittent resource over the intermittent resource.  A much better alternative would be to recognize that price volatility in the new markets has made pay-back-in-kind energy obsolete because it always provides a discriminatory advantage.  This discriminatory advantage derives from allowing the gaming of inter-interval price volatility.  If this discriminatory advantage is not eliminated, FERC places itself in the unmanageable position of deciding how discriminatory the tariffs will be to each party in the market based on FERC’s judgment of how much favoritism they deserve.  The better solution is to eliminate these biases by implementing a cost based tariff.  A cost based tariff would not allow netting between pricing intervals for any transmission customer.  It would instead simply require all energy imbalances to be financially settled at the appropriate incremental or decremental cost.

L. Charge Only Generator Imbalance for a Single Event.

The Intermittent Resource tariff moves in the correct direction when it attempts to reduce the effect that applying a non-directional energy imbalance measure to both the resource and the customer.  The problem with this provision is that it does not go far enough.  It only relieves one of the imbalance penalties when both would otherwise apply and the imbalances offset each other.  By requiring compensation of only the generator imbalance, the control area containing the load is left with an imbalance to manage without any resources to manage it because the imbalance penalty is paid to another control area.  A cost based energy imbalance tariff should be designed to compensate the control area for the costs associated with the changes in energy production required to manage the imbalance.  The problem is that when the imbalance calculated at the generator is offset by the imbalance calculated at the customer there is no imbalance energy use, and therefore, there is no imbalance cost.  The best way to calculate energy imbalance in this case is to base imbalance on the net imbalance of the generator and the customer combined.  If this is not done, the intermittent resource and its customer will still pay an energy imbalance penalty when they have not caused any increase in energy costs for their imbalances.  This netting process can be either implemented explicitly by netting the imbalance before calculating the imbalance charge, or implicitly by calculating the imbalance charge so that when the resource and demand imbalances offset each other the imbalance charges for the imbalance management offset each other also.  This second alternative is the only method that works correctly when applied to a resource and load that are in two different control areas.  This alternative will also result in imbalance charges that offset each other when resources have imbalances that offset each other and require no additional provision or rule to mitigate.  This is the correct result.  The NOPR should implement cost based imbalance provisions that capture the effect of both detrimental and beneficial imbalance errors.  When the beneficial and detrimental errors are netted the result will be similar to this single event rule.

Example of Single Event Limitation:

Assume that there are two adjacent control areas that have an Intermittent Resource in Control Area A and a load using energy from that resource in Control Area B.  Also assume an imbalance error by the resource which results in a 3 MW under-generation error and a corresponding under-use error by the load in Control Area B that exceeds the 10% limit.  Recommended practice under the NOPR would charge the Intermittent Resource for the imbalance error at incremental cost + 10%, but would relieve the load responsibility for the 10% reduction in decremental imbalance charges.  In this case Control Area A would receive compensation for the under-generation error, but Control Area B would not receive compensation for the under-use error.  If the error was an over-generation error and an over-use error, a similar condition would result, Control Area A would compensate the Intermittent resource at 90% of decremental cost keeping 10%, but Control Area B would not be compensated for the energy that it was required to provide beyond the incremental cost.  This is discriminatory to the Control Area where the load is located.  In addition, one would expect in a robust market that the incremental costs and decremental cost would be close to each other but that condition would not be required.  A difference between incremental and decremental costs could add a hidden additional charge to the resource-load combined result.

A second example has been provided under the assumption that the tariff is modified to enable the concept of imbalance change netting.  This example considers only the energy component of the imbalance.  Other costs associated with managing imbalances are addressed later as part of an Energy Imbalance Management adjustment.

Example of Imbalance Charge Netting:

Assume that there are two adjacent control areas that have an Intermittent Resource in Control Area A and a load using energy from that resource in Control Area B.  Also assume an imbalance error by the resource which results in a 3 MW under-generation error and a corresponding under-use error by the load in Control Area B that exceeds the 10% limit.  Practice under an Imbalance Charge netting provision would charge the Intermittent Resource for the imbalance error at incremental or decremental cost as determined by the frequency error of the interconnection.  The load would receive compensation for the energy not used at the incremental or decremental cost as determined by the frequency error of the interconnection.  If the error was an over-generation error and an over-use error, a similar condition would result, Control Area A would compensate the Intermittent Resource at incremental or decremental cost as determined by the frequency error of the interconnection, and Control Area B would be compensated for the energy that it was required to provide at incremental or decremental cost as determined by the frequency error of the interconnection.  If there were no constraints between the two control areas, the prices used in both would tend to be very close to each other as the result of the trading of energy between the two control areas.  If there were constraints between the two control areas, the price difference between the prices in the two control areas will support the management of the transmission constraint.  This result does not discriminate against either control area.  This second example addresses only the energy portion of the imbalance.  The incentive to follow schedules is added to the tariff in an added provision.

M. Require Acceptance of Schedule Changes Close to Real-time with Limitations.

Many of the current markets are considering implementation of the concept of a Day-Ahead-Market that is financially binding, because they are beginning to recognize that “good operating practice” requires operations to be planned well ahead of real-time and that large changes in schedules close to real-time can have detrimental effects on both economics and reliability.  These Day-Ahead-Market implementations recognize that the mitigation alternatives available to the system operator become more restricted as the system moves closer to real time.  These additional restrictions carry with them additional mitigation costs when dealing with operational uncertainties such as energy imbalance.  The NOPR is correct is recommending a requirement that schedule changes must be allowed close to real-time, but it must also recognize that when there are both Day-Ahead-Markets and Hour-Ahead-Markets operating together in a financially binding structure, it is improper to relieve the Intermittent Resource of the financial consequences of changes in schedules between these markets.  If schedule changes must be accepted close to real-time without penalty, that provision will be highly detrimental to markets designed to support this form of operations planning.  The NOPR should clarify this provision of its tariff to insure that Intermittent Resources are not relieved of this financial responsibility.

N. Summary of Recommended Modifications to Included Provisions.

Implementation of the above modifications to the included provisions of the tariff will result in removal of the discriminatory characteristics of the proposed Intermittent Resource Imbalance and Resource Imbalance tariffs by removing penalties that lack a solid cost basis.

· Elimination of the minimum price provisions.

· Elimination of the dead-band and separate prices inside and outside the dead-band.

· Elimination of the energy cost based percentage penalties.

· Elimination of concurrent use of incremental and decremental prices in a pricing interval.

· Elimination of the netting of imbalance errors between pricing intervals.

· Elimination of the need to restrict imbalance penalties on a single event.

· Clarification of the requirement to allow schedule changes close to real-time.

The result of these recommended modifications to the both the Intermittent Resource and Generator Imbalance penalties will remove all of the discriminatory provisions of the current and proposed tariffs.

Unfortunately, the resulting tariff will fail to provide an incentive to follow schedules and will fail to recover all of the costs associated with managing the imbalances.  It only assigns responsibility for the energy used to manage the imbalance.  It does not assign responsibility for the reserve costs and non-marginal energy cost differences that must be incurred to manage the imbalances.  Therefore, there is one final process that must be considered to get to the desired result of a fair and non-discriminatory cost based tariff.  This process is the adding of provisions that assign appropriate costs to the imbalances and charge those costs to the parties responsible for the imbalances in proportion to the costs that their imbalances caused the system operator to incur.  If provisions to recover these costs are assigned to the parties responsible for those costs as the result of their imbalances, the incentive to follow schedules will be restored and the cost based tariff design will be achieved.

V. Recommendation to Add to the Tariff a Provision to Estimate and Assign Responsibility for the Additional Costs Incurred to Manage Imbalance.

The imbalance tariff as modified above will recover the energy cost of imbalances on a non-discriminatory basis.  It is non-discriminatory because it only accounts for the energy cost and provides no penalty for not following the schedule.  The addition of the following provision to the tariff consolidating all imbalance tariffs into a common tariff will provide the cost based allocation of the additional charges necessary to manage the imbalance beyond the energy, thus, converting the tariff into a cost based tariff that was requested by many in their comments.

O. Background Discussion:

No methods are currently available for the economic storage of electric energy.  As a consequence, electric energy must be consumed at the same instance that it is produced.  When the production of electric energy falls out of balance with its consumption the electrical system is designed to automatically rebalance production with consumption.  If a rebalance between production and consumption is not achieved, the system will experience changes in operating frequency until the system fails.  Among the necessary requirements that assures that this rebalance can be achieved are the reserves and back-down margins that are held on electrical systems.  These reserves and back-down margins and the rapidity of their response to imbalances are used to manage energy imbalances.  In other words, the holding of reserves and back-down margin on an electrical system serves as a physical insurance pool to correct imbalances between production and consumption.  If there were no imbalances there would be no need for reserves.

The system operator purchases a portfolio of reliability services and dispatches those services in a manner that results in the appropriate management of the interconnection reliability risk associated with frequency error resulting from resource and demand imbalances.  The objective is to manage this risk so that the total risk that the interconnection experiences over a year does not exceed a target value, usually something in the range of once in ten years probability of frequency error exceeding the interconnection design limit.  Risk has a different characteristic than energy.  Lower risk in one interval can be exchanged for higher risk in another interval as long as the total risk over the year does not exceed the chosen limit.  Energy cannot be traded among intervals because it cannot be stored.  It is this characteristic of exchanging risk from one period to another that makes the Management service similar to insurance.

If the system operator is to manage this kind of risk to minimize the total cost to the customers, the solution must have a form that equalizes the cost of managing an equal amount of risk for an equal cost.  Therefore, the correct solution must have a form that recognizes an equal amount of change in risk resulting from the dispatch of services will have an equal cost.  This is very similar to the equal lambda energy price solution for energy dispatch.  When working with risk, the solution should have an equal lambda risk price solution for risk management.  It is this requirement that requires the use of Ancillary Services (Reliability Services), Energy Imbalance Management, to be measured in the risk domain not the energy use domain.  The need to value the use of these services in a domain different than the energy domain requires that these services be viewed as options on energy, not energy itself.

The essence of this problem was defined and the solution was outline when the NERC Joint Inadvertent Interchange Task Force
 investigated how to eliminate the discriminatory nature of using payback-in-kind to settle inadvertent interchange.  The solution recommended in that report divided the energy price into three components, an Energy Component, a Transmission Component and a Frequency Control Component (Energy Imbalance Management).  The energy price contained in the modified tariff above is a combination of the first two components because the local price will include any effects of transmission constraints within the local price.  The solution recommended in the JIITF Report is applicable because it was developed to be fully scalable from the total interconnection, to the control area, to energy aggregators, to the individual customer as desired.  The initial development of the theory behind the Frequency Control Component contained in that report can be found in a paper prepared for that task force titled “Defining Good and Bad Inadvertent.”

The insurance industry faces this kind of problem all of the time and their solution is to charge rates for insurance that are directly proportional to the insurance payments that are made to those making claims.  They calculate these risks based upon actual experience.  The imbalance problem is an insurance problem and should be solved as such.  Since the energy component of the problem is included in the incremental (/decremental) pricing of the energy, the risk component of the problem is solved by adding the insurance premium necessary to cover the costs of insuring responsive capacity that is only used infrequently.

The Energy Imbalance Management (Frequency Control Component) costs must be allocated using long-term average cost because they are insurance type services.  This means that they are scheduled and paid for with respect to the “stand-ready-to-supply” costs (responsive capacity costs) whether or not they are used.  Only the energy costs associated with use is assured to be paid based upon use.  The charges for use must also cover all of the “stand-ready-to-supply” costs.  Therefore, payments for these services are like payments for insurance.  The question that must be asked is, “Would an insurance company be able to remain financially viable if it were only to charge its customers for insurance on the days that the customers made claims?”  Insurance companies do not have the equivalent of load customers to charge through uplift for those premiums for all those other days when no insurance claims are made.

P. Solution Outline:

The first step in solving the problem is to calculate the total loss that is experienced as a consequence of providing the insurance service.  Since the cost of the energy used to rebalance the imbalances is already being assigned in the modified tariff on a non-discriminatory basis as recommended above, the only costs that need be collected are the insurance costs of holding the responsive reserves and back-down margin to insure that the rebalancing energy is available when needed.  In those regions where there are active Ancillary Service markets, these costs are easily identified as the payments for the Ancillary Services used to address the imbalance issues.  All that needs to be done in these regions is to remove these charges from uplift and assign them based on imbalance contributions.  In other regions, it may be necessary to further identify these costs, but a large part of that effort has probably already been completed as part of OATT development to date.

The next step is to assign responsibility for imbalances in proportion to the imbalance contribution of each transmission customer, a risk equivalent equal lambda solution.  This is where the work that served as a basis for the development of the CPS1 criteria is of value.  That work demonstrated that the individual contribution of each participant on the interconnection could be calculated using a covariance function that calculates the correlation between the imbalance in question and the frequency of the interconnection that is proportional to the total net imbalance on the interconnection.  This knowledge can serve as the basis for the assignment of the imbalance costs accumulated that have not been assigned in the incremental (/decremental) energy price.

The final step is to simply add this assigned imbalance costs to the incremental (/decremental) cost of the energy available from the modified tariff.  The assignment of this adjustment to the energy price will provide the incentive to follow schedules that was eliminated when the all of the discriminatory penalties were removed from the existing resource tariffs and the NOPR recommended Intermittent Resource tariff.  This will return the tariff to one that provides incentives to follow schedules, but does so with a cost based tariff that is non-discriminatory.

Q. Detailed Energy Imbalance Adjustment for Inclusion in the Modified Tariff.

The first step in a detailed solution is the accumulation of the long-term costs, for example over a year, associated with managing the Energy Imbalance.  These costs will normally include all of the responsive capacity costs paid to insure that the appropriate reserves and back-down margin are available when required for imbalance management.  In addition, it may also be appropriate to include any energy cost premiums incurred that deviate from the market clearing price.  These are also costs incurred to manage energy imbalance.  For the later use in equation form we will call these annualized accumulated costs Total Energy Imbalance Management Costs for a control area or for the interconnection, TEIMCCA or TEIMCI.

The next step in the detailed solution is to develop the specific method to be used for allocation of these costs.  This work was first developed and presented to the NERC Interconnected Operations Services Implementation Task Force.  This requires modification of the equations indicating the relative contribution to risk.  This modification was first presented in comments to the NERC Interconnected Operations Services Implementation Task Force.  The important sections of that document are repeated in Appendix 1 and the full document is attached as Appendix 2.  The final conclusion of those comments is provided by Equation (11) from that document and repeated as Equation (1) herein.
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Where:

The 1 subscript indicates 1 minute averages.


EI
=
Energy Imbalance in MW


F
=
Frequency Error in Hz

e
=
Secondary Response in MW per Hz

This indicates that risk contribution is proportional to one of our traditional measures of frequency control.  It is also important to recognize that the measure can be either positive or negative indicating that the EI can hurt or help frequency control.  This should not be a surprising result.

As a consequence of the work to develop CPS1 and the work to generalize the CPS1 risk from ACE to Unscheduled Energy, methods are available to transform energy delivery error on an interconnection into risk contribution to frequency error.  This transformation from one domain to another provides the means to develop an equal lambda solution to the risk management problem from the data available.  The relative risk -10iis given by the following Equation (2).
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where:
EI
=
Energy Imbalance


FA
=
Actual Frequency


FS
=
Scheduled Frequency


F
=
(FA – FS)
=
Frequency Error

Since the above equation provides the average per interval risk, that Average Risk needs only to be multiplied by the number of intervals to calculate the total risk contribution by the party’s EI.  This methodology provides the relative risk contribution of each participant on the interconnection to the total risk experienced.  This is the first step is assigning financial responsibility for EI.

The relative contribution of risk by a single participant is provided by the ratio of that participant’s contribution to the risk over the total interconnection risk as indicated by the sum of the individual participant’s risks for the total interconnection.  This is given by Equation (3).
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(3)

where:
RC
=
Risk Contribution Ratio for Participant i

n
=
Number of Intervals in the Performance Measurement Period


T
=
Performance Measurement Period


i
=
Designator for a Participant


N
=
Total Number of Participants


EI
=
Energy Imbalance

F
=
Frequency Error

Equation (3) can be simplified to Equation (4).
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The denominator of the above equation has an interesting property that may aid in applying the Relative Participant Contribution.  This characteristic is demonstrated by the following equations.  Since frequency is the same for all participants in each interval, the denominator can be rearranged as shown in Equation (5).
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Multiply equation (5) by one in the form of the total interconnection frequency response divided by itself, and rearrange terms.



[image: image9.wmf]å

å

å

÷

÷

ø

ö

ç

ç

è

æ

b

-

´

D

b

-

=

÷

÷

ø

ö

ç

ç

è

æ

´

D

´

b

b

=

T

I

I

I

T

N

1

i

i

I

I

EI

10

1

F

10

EI

F


(6)
The second term inside the parentheses is equal to the interconnection frequency error in Hertz.  When F is substituted for this term an alternative form of the denominator in equation (4) is provided in equation (7).  We can also get this result by defining the interconnection's frequency response in terms of equation (1) thus:
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Substituting (1') into equation (6) we get: 
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(7)

This transformation allows the denominator of the assignment equation (4) to be estimated using only estimates of the Frequency Response and the Frequency Error of the Interconnection.  Both historic and forecast values for both of these factors are readily available.  In addition, the Frequency Response term for the interconnection can be replaced by the Frequency Response term for a control area without loss of generality.  This can be done since the allocation of control responsibility for each control area is assigned in proportion to its estimated Frequency Response as estimated by the Frequency Bias it uses in its ACE Equation for calculating NERC control performance.  The only change would be that the equation, so modified, would apply to a single control area rather than the total interconnection.

If the total cost incurred to manage the imbalance errors and related frequency errors is collected and divided by the total risk the interconnection experiences, then the total cost can be divided by the total risk to find the cost per unit of risk EI F for the interconnection.  The cost per unit of risk  EI F can then be used to calculate the costs for EI contributed to the interconnection.  The cost per unit of energy imbalance risk EI F is shown in Equation (8).
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The cost per unit of energy imbalance EI is shown in Equation (8').
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(8')
where:
PUCEIRI
=
Cost of Energy Imbalance Management per unit of Risk EI F

PUCEII
=
Per Unit Cost of Energy Imbalance Management


TEIMCI
=
Total Energy Imbalance Management Cost for the Interconnection


I

=
Frequency Response of Interconnection


F

= 
Interconnection Frequency Error

If these same equations are applied at the control area level, they provide a similar result for an individual control area.  This distribution of responsibility can be applied because frequency control responsibility on the interconnection is shared and assigned in proportion to frequency bias obligations by NERC Standards.
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(9')
where:
PUCEIRCA
=
Cost of Energy Imbalance Management per unit of Risk EI F

PUCEICA

=
Per Unit Cost of Energy Imbalance Management


TEIMCCA

=
Total Energy Imbalance Management Cost for the Control Area


BCA

=
Frequency Bias of Control Area


BI

=
Frequency Bias of the Interconnection

The per unit costs are calculated so that they may be applied to the Scheduling Control Error (SCE) interval as measured for both the users and the providers of Energy Imbalance Management including the provision of Frequency Response .  SCE is defined implicitly in Equations (9), (10), and (11) of Appendices I & II attached hereto, as SCEi = EIi 10i F = T i, where i is (Primary) Frequency Response and T i is Tie-Line Error.  This gives an interval value of Scheduling Control Error as shown in Equation (10).



[image: image20.wmf](

)

å

D

b

-

´

÷

÷

ø

ö

ç

ç

è

æ

´

D

´

=

´

D

´

=

T

2

I

I

CA

CA

i

CA

i

i

F

10

B

B

TEIMC

F

SCE

PUCEIR

F

SCE

IVSCE



             
[image: image21.wmf](

)

å

D

D

b

-

´

÷

÷

ø

ö

ç

ç

è

æ

´

=

´

=

T

2

I

I

CA

CA

i

CA

i

F

F

10

B

B

TEIMC

SCE

PUCEI

SCE


(10)

This interval value of Scheduling Control Error SCEi is assigned such that equal changes in risk are assigned equal values.  The payment or receipt allocation for Energy Imbalance Management for a settlement period of, for example, one day would be the sum of the IVSCEi values for that day.

The final step in assigning financial responsibility for Energy Imbalance is performed by using the values of the individual Scheduling Control Error contributions to the frequency risk as the allocation  of the payments and receipts for Energy Imbalance Management .  This can be done by summing the calculations from Equation (10) above for all of the intervals in a settlement period (day, week, month, year) and collecting from or paying the participant that value depending upon whether the number is positive or negative.  This resulting adjustment is the cost based Energy Imbalance adjustment that should be added to the incremental (/decremental) energy price as specified by the modified energy portion of the Resource Imbalance tariff as recommended above.  The payments and receipts will sum to zero across the Interconnection because the SCEis sum to zero across the Interconnection, unlike the EIis whose sum EII across the Interconnection, which is equal to -10IAVG(F2)/F by Equation (7), we have used to calculate the unit cost of managing them.   
Problems with the mechanics of avoiding double payment, for both TEIMC and SCE: this is an all-important issue in the implementability of this result.  
(1) One method of avoiding the double payment is to have the amounts of TEIM services that entities that were already paid to provide, offset (by an "obligation") in their SCE for settlement purposes and those amounts would be transferred (as an "entitlement") to the SCE of those who already paid for the TEIM services who would be reimbursed for those amounts exactly what they paid for them and the sum of those reimbursements would exactly equal the sum of the receipts.  But this method presents a gaming-opportunity and results in disequilibrium in two ways. 
(a) Incentive to sell highest cost response and not deliver it.  If I don’t deliver the governor response I sold for the highest price, IVSCE will assess me only the (average) PUCEI for replacement response and socialize the cost differential of that undelivered response among all the users of EIM services.  This applies to all the EIM services whose unit cost is above the (average) PUCEI.  That drives down the price of the faster, quality EIM services closer to average, thereby discourages their supply, and lowers the average quality.   
(b) Incentive to buy only the lowest quality, below average quality response, not subject to the non-delivery incentive.  That raises the price of the slow, low quality EIM services closer to average, thereby encouraging their supply at the expense of the faster, higher-quality EIM services.  
Resulting equilibrium: market for only one kind of EIM service, the slowest, lowest-quality kind, at one price, in other words the energy-only market and the virtual collapse of the EIM services market.  
(2) Alternative method of avoiding double payment, with same result: when the amounts of TEIM services entities were paid to provide are "offset" (by an "obligation") in their SCE for settlement purposes, they could also debited the entire amount they were paid for those services.  When those amounts are transferred to the SCE of those who already paid for the TEIM services, those entities are credited the entire amount they paid for those services.   Then, the entity delivering the TEIM services is paid only the (average) PUCEI and, while this encourages delivery, it encourages delivery of only the slowest, lowest quality EIM service and at its price, not delivery of the EIM service contracted for.  
It seems inevitable, then, that you need to account for delivery of specific EIM services rather than delivery of some single socialized/homogenized unit quantity at some socialized price regardless of type of response.  It is the heterogeneity of EIM services that poses the problem.  
(3) Partial Solution of the equilibrium problem in avoiding double payment: instead of "offsetting" by an "obligation" amount, "transfer" directly the EIM service out of the SCM of the seller for settlement purposes, and into the SCM of the buyer.  If the SCM is not delivered to the dispatcher/buyer, the buyer is reimbursed for the shortfall, but less any funds needed to make up for the shortfall of that kind of service, not at the (average) PUCEI, but at whatever the dispatcher's/buyer's replacement cost for that kind of service.  The buyer then needs to seek recourse against the contractor for reimbursement of any unreimbursed payment by the buyer.
But the disequilibrium disadvantages of socialization remain in non-contracted self-provided EIM service outside of public markets because of being paid at the (average) PUCEI. This would promote self-provision of the lower-end, slower and cheaper EIM service, reducing the demand for faster higher-end service, the heterogeneity of the ancillary services market and, ultimately, reliability.  Of course, self-provision and private markets could be disallowed to save this solution.  A better solution would instead involve "performance measurement" of entities.
(4) Complete Solution of the disequilibrium problem in avoiding double payment requires applying a reliability performance measure to entities.  A performance measure would offset the financial advantage of self-provision outside of public markets, and captures the unavoidable "public good" aspect of frequency control that markets alone cannot arbitrate.  Private self-provision of procurement of slower, lower-quality EIM services, while having a financial advantage, would deteriorate reliability performance with its attendant penalty disincentive.  Private self-provision of faster, higher-quality EIM services, while financially disincented, would be performance incented.  Reliability performance measurement of entities would therefore be the missing component needed to maintain the equilibrium and diversity of the ancillary services market under the current proposal.
R. Summary of Recommended Common Imbalance Tariff.

The Common Imbalance Tariff as recommended in these comments would consist of three provisions.

1. The use of incremental or decremental cost would be determined by the frequency error of the interconnection for the interval to which the imbalance applies.  If the interconnection frequency is low, incremental costs would be used by all control areas.  If the interconnection frequency is high, decremental costs would be used by all control areas.

2. There would be no dead-bands or percentage adjustments to the incremental or decremental costs as penalties for having an imbalance.  The only compensation for the energy component of the energy would be the incremental or decremental cost.  This cost would implicitly include transmission congestion management costs.

3. The Energy Imbalance Management adjustment would be calculated using the formulas given above to fairly allocate the non-energy costs incurred to manage the imbalance.  These cost allocations would be managed to recover the imbalance costs not recovered by energy component of the tariff based upon the concept that equal changes in risk would be priced equally.

A common tariff with the above design would achieve the requested goals of many of the previous parties providing comments on this issue.  If the costs of managing imbalance increase or decrease because of changes in market prices or changes in operations, those changes would automatically flow through to the transmission customers through changes in the prices required by the tariff.  The current tariff will only change if the energy prices change and would be unaffected by changes in the costs of managing imbalances that do not affect energy prices.  With the NOPR Tariff, changes in the non-energy costs of managing imbalance will require adjustment in either the dead-band percentage or the percentage adders that could only be implemented through further FERC hearings and decisions.  Implementation of the NOPR Tariff will therefore require greater regulatory effort to maintain a non-discriminatory tariff.

VI.  Examples of Some of the Effects of Implementing These Recommendations:

In the previous comments and discussions on this issue many issues were cited providing insight into the discriminatory nature of the current imbalance tariffs.  The following examples and discussions are provided here to shed additional light upon how the recommended Common Imbalance Tariff could mitigate these problems.

S. Effects of Market Penetration:

One of the issues raised is how a new technology, that has little market penetration, affects reliability resulting from its inability to forecast and schedule resource availability accurately.  There is no single right answer because as the market penetration of the new technology increases the effects of its forecast and scheduling errors also increases.  A tariff with fixed limits as proposed in the NOPR either over-penalizes the emerging technology when it only has a small penetration into the market, or under-penalizes the emerging technology when it has achieved more significant penetration into the market.

The reason for this can be determined if one investigates the affect that forecasting and scheduling errors have on control.  Small errors of any kind tend to help with control as much as they hurt control because by being small they have a low probability of being the primary cause of the total net imbalance error at any point in time that the interconnection must manage.  If credit is given to these errors for the times that they help control and that credit is netted against the times that the errors hurt control, small errors will tend to result in very small net contributions to control requirements.  As the size of these errors increase due to increased market penetration, as compared to errors from others, the resulting larger errors will tend to help control less and hurt control more because they more often contribute to the direction of the net error and less often contribute in a direction that offsets the net error.  This is why emerging technologies of this type have little effect on control or the resulting reliability when they have low market penetration, but can have significant effects on control and the resulting reliability when they have higher market penetration.

The covariance function used in the recommended Common Energy Imbalance tariff herein will result in a measurement of the correlation of individual errors to total net errors that will exactly capture the effect discussed above.  Therefore, by implementing a tariff based on this type of measure, the intermittent resources will be correctly favored when they have a low market penetration, but their cost based Energy Imbalance Management charge portion of the tariff will correct rise as their market penetration increases and their contribution to net imbalance also increase.  In addition, if they implement better forecasting methods, their contribution to net error will decline and so will their charges under the tariff.

The old tariffs favored old existing technology.  The NOPR Intermittent Resource tariff favors new emerging wind technology.  Tariffs should not be written to favor a specific technology.  There is an additional benefit in adopting a tariff that incorporates this automatic adjustment.  When the next new technology, for example solar, begins to penetrate the market, the same tariff that has provided an early benefit to wind will provide a similar benefit to solar without requiring any changes in the tariff.  This principle of technology neutrality should be one of the foundations of a fair and balanced market.

T. Mitigating the Control Area Advantage:

One of the comments discussed in previous work is the favoritism that current tariffs show to internal resources.  The recommended Common Imbalance Tariff would mitigate most of the advantage for internal resources of disadvantage for external resources.  This is demonstrated with a repeat of a previous example with the inclusion of the Energy Imbalance Management provision included in the example.

Example of Imbalance Charge Netting with Energy Imbalance Management Adjustment:

Assume that there are two adjacent control areas that have an Intermittent Resource in Control Area A and a load using energy from that resource in Control Area B.  Also assume an imbalance error by the resource which results in a 3 MW under-generation error and a concurrent under-use error by the load in Control Area B that exceeds the 10% limit.  Practice under an Imbalance Charge netting provision would charge the Intermittent Resource for the imbalance error at incremental or decremental cost as determined by the frequency error of the interconnection.  The load would receive compensation for the energy not used at the incremental or decremental cost as determined by the frequency error of the interconnection.  If the error was an over-generation error and a concurrent over-use error, a similar condition would result, Control Area A would compensate the Intermittent Resource at incremental or decremental cost as determined by the frequency error of the interconnection, and Control Area B would be compensated for the energy that it was required to provide at incremental or decremental cost as determined by the frequency error of the interconnection.  If there were no constraints between the two control areas, the prices used in both would tend to be very close to each other as the result of the trading of energy between the two control areas.  If there were constraints between the two control areas, the price difference between the prices in the two control areas will support the management of the transmission constraint.  This result does not discriminate against either control area.

To the above energy component of the tariff would be added an Energy Imbalance Management adjustment.  If the interconnection error was due to under-generation, the under-generation by the intermittent resource would result in an additional charge due to its contribution to that under-generation.  But, at the same time the load that had an under-use error would receive a credit for its offsetting contribution that helped to minimize the net imbalance of the interconnection.  The net effect would result from the net difference between control cost in the intermittent resource control area and the control costs in the load control area.  In this example, if the interconnection error were due to over-generation, the charge and credit would be reversed with the resource receiving the credit and the load getting the charge.  In either case, the net result is an imbalance charge that does not discriminate against external resources while still providing the incentives to make good forecasts and follow schedules.

U. Capacity Credit for Intermittent Resources:

The issue of including additional rules that address the capacity credit that should be given to intermittent resources was also addressed.  Capacity must be valued in two areas of utility management.  Capacity is first considered when planning for the needs of the system through the use of methods such as LOLP.  In this context, the Effective Load Carrying Capability (ELCC) of an intermittent resource is significant because estimates associated with capacity availability and sudden unplanned loss of capacity are used to determine the required reserves and operating margins necessary to maintain reliability.  Once these reserves and margins have been determined in the planning environment based upon the expected mix of resources there is no additional cost incurred as long as those estimates hold true.  The planned inclusion of an intermittent resource may result in the requirement for additional capacity, but if that responsive capacity is eventually acquired in an Ancillary Services market the market price will represent the full value of that capacity.  Some are suggesting that intermittent resources should be discounted in that market.

There is another alternative.  If the full cost of the responsive capacity is compensated through market prices, then an adjustment to the value of that capacity through an Energy Imbalance Management charge will correctly adjust the compensation for responsive capacity as determined in the market.  This occurs because the Energy Imbalance Management charge recovers the accumulated cost of the responsive reserve and back-down margin acquired in the market to manage this responsive capacity uncertainty.  This automatic feedback mechanism will automatically adjust in a downward direction, the compensation provided for the intermittent capacity sold into the market at full capacity value base upon actual experience.  This eliminates the need to adjust full capacity to ELCC for intermittent resources and prevents arbitrary discrimination against these resources in the responsive capacity market through availability adjustments.  In a market with Energy Imbalance Management method of compensation, the capacity compensation must be viewed as the sum of the responsive capacity compensation received in the market less the Energy Imbalance Management adjustment from real-time operations.  The net compensation will result in an equivalent payment to the ELCC method.

This simplification does not apply to the planning function.  The planners must still correctly estimate the equivalent capacity to plan the correct responsive reserve and back-down margin targets.  Fortunately, this is simplified because installed capacity on a system does not change rapidly but slowly and predictably over a number of years.

V. Energy, Congestion, Losses and Imbalance Management:

The NOPR contained the statement that, “The Commission believes that moving toward a marginal cost pricing approach will lead to an efficient, least-cost dispatch for energy.  When prices at each location reflect the full marginal cost of delivery (i.e., energy, congestion and losses), customers can make efficient choices among suppliers at different locations.”  Unfortunately, the list of energy, congestion, and losses did not include Energy Imbalance Management which is the management of the uncertainty of energy resource and demand balance.  This function has always been performed in operations and involves the dispatch of responsive reserves and back-down margin to insure effective and reliable interconnection frequency control to maintain reliability.  It is the primary technical basis for requiring capacity reserves which represent a significant portion of the investment necessary to reliably operate an electrical system.  The inclusion of Energy Imbalance Management as an additional part of the Standard Market Design would provide a significant step forward in meeting the above stated goal of enabling the customers to make economically “efficient choices among suppliers at different locations.”  Deeper investigation should reveal that the recommended modifications do not represent an alternative to the SMD, but instead, represent an addition and improvement by explicitly including pricing of the responsive capacity in the market design using technically supported pricing methods.  These methods should be able to over-lay on top of SMD without any detrimental effects on the SMD results and only improvements due to inclusion of assignment of responsive capacity pricing on a cause and effect basis.

VII. Concluding Comments:

Mr. Illian believes that implementation of the above comments in a Common Energy Imbalance tariff that applies to all Energy Imbalance would achieve the goal of converting the current discriminatory Energy Imbalance Tariffs into the cost based tariff that so many of those previously providing comments requested.
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Comments on Policy 10 Templates

By Howard F. Illian, President, Energy Mark, Inc., Schaumburg, Illinois

August 11, 2000

Introduction:

The comments supplied refer only to the IOS that address interconnection frequency control.  Included are both general and specific comments.  The general comments are provided first.  Comments on the specific templates are intentionally supplied out of template numbered order to aid the reader by building the explanations in a logical order.  Negative comments without alternatives that resolve the deficiencies do not help the industry move forward.  Where possible new methods have been suggested as alternatives to the methods offered in the templates.

…
Comment 9:

The above procedures address the IOS of Immediate Frequency Response.  Immediate Frequency Response alone is insufficient to assure continued reliable operation of an interconnection.  Early in the days of the development of Tie-Line Bias control theory, Nathan Cohn recognized the importance of not withdrawing this Immediate Frequency Response.  This requirement to “sustain” this Immediate Frequency Response resulted in the inclusion of the Frequency Bias term in the ACE equation.  In fact, it is this Sustained Frequency Response that provides the basis for current NERC frequency performance measurement using the NERC Control Performance Standard.  Any technically justified measurement system for IOS used to perform interconnection frequency control must be demonstrated to derive directly from the NERC CPS.

Understanding CPS1:

Before moving forward, it is important to understand exactly what is included in the NERC CPS1.  The NERC CPS1 is based on the following inequality.
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If the ACE equation is presented in detail inequality (2) results.
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Substitution of Ti for Ta – Ts and F1 for Fa – Fs yields inequality (3).
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Reorganizing terms yields inequality (4), (5), (6) and (7).
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If the Frequency Bias term is constant then the left side can be modified.
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Divide both sides by AVGPeriod[F12] yields equation (9).
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The second term in equation (9) can be recognized as the estimated incremental linear Sustained Response or Total Response with a linear regression fit through the origin, i.  Since this estimated Sustained Response is the Sustained Response contained in the error term, it is an estimate of the difference between the  Sustained Response supplied and the estimated Frequency Response that is a portion of Sustained Response and that would be supplied as estimated by the Frequency Bias.  Substitution into equation (9) yields equation (10).
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Therefore, we can clarify a number of important issues.

1. It can be seen from the left side of equation (10) that CPS1 actually compares the measured average incremental Sustained or Total Response for a control area, i, to the estimated average Frequency Response of that same control area, as determined by the Frequency Bias chosen for the ACE equation, Bi.  CPS1 measures the actual Sustained or Total Response that a control area provides to the interconnection, i =i + i
2. It can be seen from the right side of equation (10) that if the actual frequency error RMS is equal to epsilon, then the control area must have an incremental Total Response that is less than or equal to zero.  This indicates that the control area actually met its frequency control responsibilities. (Remember, Total Response supplied is negative.) 

3. The Regulation, Load Following and Contingency Reserves are actually used to modify the Ti1 or i in a direction that increases the amount of Sustained or Total Response supplied to the interconnection.

4. The AGC System uses Regulation to increase the amount of Sustained or Total Response provided by the control area.  The System Operator uses Load Following and Contingency Reserves to increase the amount of Sustained or Total Response provided by the control area.  Therefore, it may be appropriate to use a Sustained or Total Response measure to determine how well the IOS supplier has delivered the IOS contracted.

5. The numerator of the left side of equation (10) can be calculated even when a participant on the interconnection has no Frequency Response i.  This fact enables IOS Suppliers to be measured in a manner consistent with CPS1 even when they do not have a Frequency Response.

Although some may think that it is desirable to have more than one measurement criteria, there have been multiple technical papers published that confirm that when considered with respect to the CPS1 measure the CPS2 measure is redundant.  Therefore, a measurement criterion for IOS based on CPS1 alone is just as technically justified as a measurement criterion that meets both CPS1 and CPS2 requirements.  The additional complexity is not required.

… 

Comment 16:

The development of the SCPS1 measurement criteria is an attempt to measure suppliers in a manner similar to control areas.  In an attempt to develop a measure consistent with CPS1, SCPS1 has lost the simplicity and the basic understanding of interconnection operations that is contained within the CPS1 measure.  Rather than comment on SCPS1, an alternative measure that has neither the complexity nor the weaknesses of the SCPS1 measure is offered.

SCPS1 Alternative, SDS:

The goals of the NERC Control Performance Standard are different from the goals of a Supplier Delivery Standard.  The control areas are voluntarily sharing the responsibility for maintaining interconnection reliability.  The IOS Suppliers are entering into contracts to deliver specific products to the control areas.  These differences justify differences in how each entity should be judged with respect to how well they meet their responsibilities for maintaining reliability.

CPS1 implicitly recognizes that some error should be allowed in the meeting of frequency control responsibilities to the interconnection.  The standard that is set by CPS1 is a standard that insures that interconnection reliability is maintained by bounding the frequency error distribution.  Control Areas are allowed to deliver slightly less service than they have contracted for as long as the interconnection frequency error distribution remains acceptable as measured by epsilon.  Epsilon specifically recognized that there is some margin of frequency control that is less than ideal but that will maintain reliability.

IOS Suppliers on the other hand have contracted to deliver specific services and should be held accountable for the delivery of those services.  Would you go to your local gas station, ask for, and pay for 20 gallons of gas while assuming that it is acceptable to receive only 19 gallons of gas?  IOS Suppliers should be held accountable for delivering all of the IOS that they have contracted to supply.  To do anything less suggests that commercial contracts should not be fully enforced.

Therefore, the issue is, how to determine whether a specific service has been delivered when it is known that there will be unavoidable short-term errors in the delivery of the service.  I believe that the answer to this question obvious.  All of the IOS being considered within these comments are used for interconnection frequency control.  Therefore, a measure of their ultimate value with respect to their contribution to interconnection frequency control would be an appropriate measure to use.

The measure that would meet the above criteria is the measure previously shown in the numerator of the left-hand side of equation (10) repeated below, -10 i.
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This term has exactly the correct characteristics that are desired to determine whether an IOS that is being used for interconnection frequency control has been delivered.  It allows for the unavoidable error associated with the delivery of energy and frequency control IOS.  It measures whether or not the over-delivery errors have balanced the under-delivery errors and provides a result that not only indicates whether or not these errors have balanced, but it also provides a meaningful measure of how much under-delivery or over-delivery has occurred.  It has a value that is greater than zero when in there is an under-delivery of service, a value that is less than zero when in there is an over-delivery of service and it has a value of zero when the correct amount of service has been delivered.  The Supplier Delivery Standard can be based on the following inequality.
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The suggested standard has many advantages over the suggested SCPS1.

1. The formula is quite simple.  It includes only three terms.

2. All three of the terms are available locally for all of the participants in the contract for services.  This allows the IOS Supplier to calculate its performance on an ongoing basis and to adjust its systems to deliver the service contracted.

3. Since the magnitude of the under-delivery of the service is measured in MW / 0.1 Hz, i, penalties for under-delivery can be determined on a consistent basis.  That is if the penalties on the templates are adjusted to be proportional to Frequency Bias, MW / 0.1 Hz, as previously suggested.  Large magnitudes of under-performance result in large penalties, small magnitudes of under-performance result in small penalties.

4. The measure for under and over delivery is totally consistent with the NERC Control Performance Standard.  Any under-delivery in the IOS will result in exactly the same change in the control area’s performance as was measured for the IOS under-delivery.  This is the direct linkage between the NERC Policy 1 as applied to control areas and the NERC Policy 10 as applied to IOS suppliers required to justify Policy 10 from a reliability point of view.

…
Comments on Policy 10 Templates

By Howard F. Illian, President, Energy Mark, Inc., Schaumburg, Illinois

August 11, 2000

Introduction:

The comments supplied refer only to the IOS that address interconnection frequency control.  Included are both general and specific comments.  The general comments are provided first.  Comments on the specific templates are intentionally supplied out of template numbered order to aid the reader by building the explanations in a logical order.  Negative comments without alternatives that resolve the deficiencies do not help the industry move forward.  Where possible new methods have been suggested as alternatives to the methods offered in the templates.

General Comments:

Comment 1:

Insufficient consideration has been given to the energy supplier that is not delivering any IOS.  Energy suppliers hold a special place in the electrical system with respect to maintaining reliability.  It has long been an assumption that an energy supplier will deliver the energy they have scheduled because in a regulated environment they did so.  Experience now tells us that this is not necessarily true.  This changes the problem from one of setting performance criteria for IOS suppliers to setting performance criteria for all energy suppliers.  The focus of Policy 10 falls short of providing the basis for maintaining reliability because it is directed at only part of the problem.  This can easily be shown by an example.

Example 1:

Assume that a control area has only two generators.  Further, assume that although both generators supply energy, that only one of the two generators, G1, provides the necessary IOS.  In this case, if the other generator, G2, follows its energy schedule exactly, then G1 will be able to supply the necessary frequency control to maintain reliability.  On the other hand, if G2 does not follow its energy schedule, then whether or not G1 will be able to maintain reliability will be dependent upon how much G2 deviates from its schedule.  Therefore, reliability will be maintained, if and only if, the IOS suppliers, their allowed delivery errors and the allowed delivery errors of those energy suppliers not delivering IOS are determined jointly.  Further, the limits for these joint supplier delivery errors must be determined in consideration of the nature of the total net scheduling error of all suppliers and users (loads).

Setting limits on delivery errors for IOS without considering the delivery errors of the non-IOS supplying generators and the delivery errors of the loads provides insufficient information to maintain reliability.  Energy Imbalance, EI, addresses the load error.  Nothing addresses the generator error.  A NERC Policy that does not demonstrate a direct link to maintaining reliability is a deficient policy.

Comment 2:

The templates have been developed as though the services were independent of one another.  This approach is not acceptable when considering an electric system.  Each of the measurement methods will be influenced by the concurrent delivery of other services, causing inconsistencies from the measurement of one supplier as compared to another.  Examples included in the specific comments will demonstrate this point.

Operating Policy 10 Template 1:

Penalties and Sanctions

The dollar sanction shall be the larger of a) the fixed dollar amount shown in the attached Enforcement Table or b) the calculated dollar amount using the $/MW value shown in the Enforcement Table times the Operating Authority actual one hour peak load for the preceding one-year rolling period.
Comment 3:


As we move into a restructured world with many of the previously regulated services being supplied by a market, we will find that the market participants will just consider the penalties an economic price signal.

If the penalty is set too high, then the price signal will cause the market participants to spend more on meeting compliance limits than is economically justified for an efficient economy.  If the penalty is set too low, then the price signal will cause market participants to spend less on meeting compliance limits than is economically justified, and they may even chose to risk violating limits because the penalty is less than the cost of complying.

The Enforcement Table includes penalty amounts that are based on peak load for the preceding one-year rolling period.  Unfortunately, it has been demonstrated in the technically justified CPS criteria, that when considering the issue of frequency control, the relative size of a Control Area is better determined by the Frequency Bias than Peak Load.

This may not seem significant, but a review of the “2000 CPS2 Bounds” reveals that the Frequency Bias reported by Control Areas varies from a minimum 0.53% of peak load to a maximum 4.84% of peak load.  This could result in a penalty process that assigns penalties for non-compliance that are nine times greater for one control area as compared to another control area when both have the same or a similar effect on interconnection reliability.  We must be very careful to have a compliance process that is fair to all involved.

The way to correct this problem is to include in the compliance templates, measurement methods that fairly reflect the value of the non-compliance.  In this case, non-compliance penalties should be assigned relative to Frequency Bias (Response) instead of Peak Load.

Operating Policy 10 Template 5:

1. Measuring Processes 
Periodic Review of Operating Compliance:

For all frequency deviations exceeding the NERC frequency excursion values (Policy 1 epsilon values times an Interconnection-specific factor), the Operating Authority shall measure and record scan rate (e.g. AGC scan rate) values of real power output for the IOS Resource providing Frequency Response.  The Operating Authority shall measure and record the MW data beginning one minute prior to the start of the frequency excursion event until one minute after the start of the frequency excursion event.  Compliance is measured by comparing the actual response to the declared frequency response capability.
Comment 4:

This measurement method will tend to measure only the effect that this author has previously defined as Immediate Frequency Response.  Suggestions with respect to the necessity to measure Sustained or Total Response follow in later comments.

Comment 5:

There is no discussion of the necessary adjustments to these measurements to allow for scheduled or requested changes in the real power output of the IOS Resource during the measurement period.  When attempting to measure Immediate Frequency Response using periods longer than a few seconds, it is critical that the changes in output due to other supplier responsibilities be included in the measurement methodology.  This is necessary to separate the frequency response signal from the noise created by other scheduling responsibilities.  Unless this separation is included, the supplier may be required to choose to ignore other responsibilities to meet the frequency response requirement.  An example is appropriate to demonstrate why this is necessary.

Example 2:

Assume that a 500 MW generator is supplying Frequency Response with a dead-band of zero, a 5% droop and no decay in the Frequency Response over time.  Further assume that the interconnection experiences a disturbance that results in a frequency deviation of 0.050 Hz, 50 mHz.  A disturbance of this magnitude should result in a Frequency Response for this generator of 8.33 MW.  If the generator were performing no other responsibilities, then the measurement of this change would be reasonable, although it may push the measurement system toward its limits of accuracy.  However, the same generator could easily be following an interchange up ramp of 200 MW, 20 MW per minute up, or an interchange down ramp of 200 MW, 20 MW per minute down.  The measurement method applied to these underlying responsibilities provides a much different picture.  If the frequency event occurs during an up ramp, then the natural difference between the minute before and the minute after due to the up ramp will be +20 MW.  When this is added to the correctly delivered Frequency Response the result is a change of +28.33 MW.  If the frequency event occurs during a down ramp, then the natural difference between the minute before and the minute after due to the down ramp will be -20 MW.  When this is added to the correctly delivered Frequency Response the result is a change of –11.67 MW.  These large differences in the measurement are unacceptable and invalidate the method suggested.

There are three alternatives to correct for this problem.  The first is to adjust the minute before and the minute after for scheduled changes in output responsibility.  These adjustments should include, 1) Energy Schedule changes, 2) Regulation changes, 3) Load Following changes and 4) Contingency Reserve changes.  The second is to use much shorter averaging periods before and after the frequency event without adjustments for other responsibilities to measure the Immediate Frequency Response.  The author would suggest that the measurement period before and after be as short as two or three EMS telemetry cycles.  The third is to use the second method and also adjust for other responsibilities.  If the goal is to measure the Immediate Frequency Response, the second or third methods should provide the best results.

Full (100%) Compliance Requirements

Compliance with a NERC approved certification test program shall be necessary evidence of compliance to the standards given in this template.  In the case where multiple observations of operating response are available the IOS Resource must deliver stated frequency response capability 75% of the time during any single calendar quarter.
Comment 6:

The requirement to supply 75% of the stated Frequency Response will not provide consistent results with respect to the amount of Frequency Response actually provided.  This is because the average of the measured Frequency Responses is the best estimate of the Frequency Response provided.  The standard deviation of the measured Frequency Responses will provide the best estimate of the variability of the measurements.  In addition, standard statistical testing procedures will provide consistent confidence intervals and compliance percentages that vary with sample size and standard deviation.  These proven statistical methods should be used to determine compliance limits that have meaning.  These methods are appropriate because the error associated with the measurement will tend to have a distribution that is normal and therefore predictable.

Levels of Non-Compliance
Level 1 - One quarter (3 month) delay in meeting Certification Requirements OR a cumulative quarterly average response score of [> 60 and < 75%] given a sample of at least 5 events.
Level 2 - Two quarters (6 month) delay in meeting Certification 

Requirements OR a cumulative quarterly average response score of [> 40 and < 60%] given a sample of at least 5 events.
Level 3 - Three quarters (9 month) delay in meeting Certification 

Requirements OR a cumulative quarterly average response score of [> 20 and < 40%] given a sample of at least 5 events.
Level 4 - One year (12 month) delay in meeting Certification Requirements OR a cumulative quarterly average response score of [> 0 and < 20%] given a sample of at least 5 events. 

Comment 7:

The levels of non-compliance are arbitrary.  A much better way to determine levels of non-compliance would be to use numbers related to the number of standard deviations that the supplier is out of compliance.  This would also enable the Operating Authority and NERC to justify the level of non-compliance based on the probability or confidence of non-compliance.

Penalties and Sanctions

The dollar sanction shall be the larger of a) the fixed dollar amount shown in the attached Enforcement Table or b) the calculated dollar amount using the $/MW value shown in the Enforcement Table times the IOS Supplier’s peak declared amount of Frequency Response Capability at a frequency deviation of (TBD Hz) for that calendar quarter.  Capability is defined in real power (MW) as the range of Regulation and Load Following maneuverability under instructions (controls) of the Operating Authority.
Comment 8:

This is an attempt to set penalties that are proportional to Frequency Bias without determining a solid technical basis.  Better results can be achieved by using Frequency Bias directly.

Comment 9:

The above procedures address the IOS of Immediate Frequency Response.  Immediate Frequency Response alone is insufficient to assure continued reliable operation of an interconnection.  Early in the days of the development of Tie-Line Bias control theory, Nathan Cohn recognized the importance of not withdrawing this Immediate Frequency Response.  This requirement to “sustain” this Immediate Frequency Response resulted in the inclusion of the Frequency Bias term in the ACE equation.  In fact, it is this Sustained Response that provides the basis for current NERC frequency performance measurement using the NERC Control Performance Standard.  Any technically justified measurement system for IOS used to perform interconnection frequency control must be demonstrated to derive directly from the NERC CPS.

Understanding CPS1:

Before moving forward, it is important to understand exactly what is included in the NERC CPS1.  The NERC CPS1 is based on the following inequality.
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If the ACE equation is presented in detail inequality (2) results.
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(2)

Substitution of Ti for Ta – Ts and F1 for Fa – Fs yields inequality (3).
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(3)

Reorganizing terms yields inequality (4), (5), (6) and (7).
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If the Frequency Bias term is constant then the left side can be modified.
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Divide both sides by AVGPeriod[F12] yields equation (9).
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(9)

The second term in equation (9) can be recognized as the estimated incremental linear Ssutained or Total Response with a linear regression fit through the origin,  i.  Since this estimated Total Response is the Total Response contained in the error term, it is an estimate of the difference between the actual Total Response supplied and the estimated Frequency Response that would be supplied as estimated by the Frequency Bias.  Substitution into equation (9) yields equation (10).
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(10)

Therefore, we can clarify a number of important issues.

6. It can be seen from the left side of equation (10) that CPS1 actually compares the measured average incremental Sustained or Total Response for a control area, i, to the estimated average Frequency Response of that same control area, as determined by the Frequency Bias chosen for the ACE equation, Bi.  CPS1 measures the actual Sustained or Total Response that a control area provides to the interconnection, i = i + i.

7. It can be seen from the right side of equation (10) that if the actual frequency error RMS is equal to epsilon, then the control area must have an incremental Frequency Response that is less than or equal to zero.  This indicates that the control area actually met its frequency control responsibilities. (Remember, Frequency Response supplied is negative.) 

8. The Regulation, Load Following and Contingency Reserves are actually used to modify the Ti1 or i in a direction that increases the amount of Sustained or Total Response supplied to the interconnection.

9. The AGC System uses Regulation to increase the amount of Sustained or Total Response provided by the control area.  The System Operator uses Load Following and Contingency Reserves to increase the amount of Sustained or Total Response provided by the control area.  Therefore, it may be appropriate to use a Sustained or Total Response measure to determine how well the IOS supplier has delivered the IOS contracted.

10. The numerator on the left side of equation (10) can be calculated even when a participant on the interconnection has no Frequency Response i.  This fact enables IOS Suppliers to be measured in a manner consistent with CPS1 even when they do not have a Frequency Response.

Although some may think that it is desirable to have more than one measurement criterion, there have been multiple technical papers published that confirm that when considered with respect to the CPS1 measure the CPS2 measure is redundant.  Therefore, a measurement criterion for IOS based on CPS1 alone is just as technically justified as a measurement criterion that meets both CPS1 and CPS2 requirements.  The additional complexity is not required.

Comment 10:

As currently written, these templates include no measurement criteria to measure the amount of Response supplied by an IOS Supplier beyond one minute following a frequency event.  From a reliability viewpoint, this is unacceptable.  There must be measures to confirm not only that Response acquired is delivered “immediately” but, in addition, that Response must be “sustained” for an agreed upon period enabling the Operating Authority to replace that portion that is not sustained with other IOS such as Regulation, Load Following and Contingency Reserves.  Measurements must confirm the delivery of this Secondary Response.

Some might suggest that theconfusion of the Frequency Response schedule with the Regulation and Load Following measurement would confirm this delivery.  This is not the case when the Frequency Response is being supplied by one resource and the Regulation or Load Following is being supplied by another.  These methods of measurement might in fact discourage a supplier of Frequency Response from concurrently supplying Regulation or Load Following because of the additional measurement criteria that would need to be included with those services.  It is not beneficial to reliability to discourage any supplier from offering additional Response for use by the Operating Authority.

Operating Policy 10 Template 2:

2. Measuring Processes 

Supplier Control Error

The deviation between the output instructed by the Operating Authority, subject to the declared capabilities of the IOS Resource, and the actual output of the IOS Resource is defined as the Supplier Control Error (SCE).  Each IOS SCE must be bounded within the SCPS1 and SCPS2 criteria as defined in Compliance Assessment Notes. 

Monthly Reporting:

The Operating Authority shall measure and record the clock-minute averages of: each IOS Resource actual output, instructed output subject to the declared capabilities of the IOS Resource, Control Area ACE, and frequency error.  The Operating Authority shall calculate SCPS1 and SCPS2 values using equations shown in Compliance Assessment Notes.  The Operating Authority shall prepare a monthly report of the recorded and calculated values on a monthly basis.  

Comment 11:

Criteria based on CPS2 are redundant when considered with respect to CPS1.  There is no added value including SCPS2 criteria in this template.

The most recent paper to demonstrate this is: Gross, G.; Lee, J. W. ; Analysis of Load Frequency Control Performance Criteria, Department of Electrical and Computer Engineering, University of Illinois at Urbana-Champaign.

Levels of Non-Compliance
Level of non-compliance shall be determined by the worst level of non-compliance between SCPS1 or SCPS2 below:
Level 1 
SCPS1 Score > 95% but < 100%

Level 2
SCPS1 Score > 90% but < 95%

Level 3
SCPS1 Score > 85% but < 90%

Level 4
SCPS1 Score < 85%
Level 1 
SCPS2 Score > 85% but < 90%

Level 2
SCPS2 Score > 80% but < 85%

Level 3
SCPS2 Score > 75% but < 80%

Level 4
SCPS2 Score < 75%
Comment 12:

These levels of non-compliance are arbitrary.  A much better way to determine levels of non-compliance would be to use numbers related directly to the effect that the supplier’s performance has on interconnection reliability.  Since it has been shown that the relative size of a control area with respect to frequency control should be based on the Frequency Bias (estimated Sustained or Total Response) of that control area.  It would make sense to set penalty levels based upon the magnitude of the Response that a supplier under-supplied during the delivery of the service.  This would also enable the Operating Authority and NERC to justify the level of non-compliance based directly on the reliability effect on the interconnection.

3. Compliance Assessment Notes
IOS Resources providing Regulation and Load Following service deliver capacity, maneuverability, and energy to the Operating Authority.  The measurement methods described below are intended to determine if sufficient capacity, maneuverability, and energy have been delivered to maintain reliability.
Consider that the control signal given to the IOS Resource, subject to the stated capabilities of the IOS Resource, constitute an agreed upon variable schedule.  Deviation of actual output from this schedule is the measure of performance (the Supplier Control Error SCE).  Compliance is measured with three criteria:
· SCPS1 (an analogy to Policy 1 CPS1)
· Covariance(SCE/pf,ACE)< Limit
· Average(SCE) = 0
· SCPS2 (an analogy to Policy 1 CPS2)
Let us consider, in general terms, the SCPS2 criterion.  This criterion requires that the IOS Resource match its actual output to its schedule within a predefined bandwidth for 90% of all measurement periods (10-minute average).  In equation form this criterion is described as follows:
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|SCE10| is the 10-minute average of SCE

Participation Factor = Response Rate/(Sum of all Response Rates)

L10 is the control area’s CPS2 bound
By requiring the IOS Resource to produce output within a bandwidth around the variable schedule, the SCPS2 criterion measures capacity and maneuverability.  Unfortunately, the SCPS2 criterion alone is insufficient.  An IOS Resource could consistently produce at the bottom of the bandwidth.  This would violate the “energy” attribute of the service.  In addition, the IOS Resource could systematically time its errors within the bandwidth to the detriment of reliability: overproducing during times of plenty and under-producing during times of shortage.  To address these two short-comings of SCPS2, another criterion is required.
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Let us consider, in general terms, the SCPS1 criterion.  This criterion requires that the IOS Resource match its actual output to its schedule such that (1) in the long run the scheduled energy equals the actual energy and (2) the timing of the error with respect the control area ACE or the Frequency Error is sufficiently favorable to maintain reliability.  In equation form the criteria are described as follows:
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where:
SCE1 is the one minute average Supplier Control Error

Participation Factor = Response Rate/(Sum of all Response Rates)

F1 is the one-minute average frequency error

Bias is the control area bias

1 is NERC Policy 1 CPS1 limit

ACE1 is the control area’s one-minute average area control error

1 is the IOS Supplier limit determined by NERC.  This value uniquely modifies 1 for each control area depending on its correlation between ACE and F.
The IOS Resource that is compliant with SCPS1 and SCPS2 operates within a bandwidth, delivers the correct amount of energy, and does not time its errors in a manner detrimental to reliability.  This assures that the service attributes of capacity, maneuverability, and energy have been adequately delivered.
Comment 13:

The CPS2 criterion is redundant when used in conjunction with the CPS1 criteria.  The measurement methodology can be significantly simplified by eliminating the SCPS2 criteria.

Comment 14:

The inclusion of a participation factor raises a number of undesirable issues.  These include by are not limited to the following:

1. Using Participation Factor ratios will result in a very complex calculation that will require these ratios to be adjusted on a minimum every hour and could require the adjustment within each hour.  These adjustments will make the measure incomprehensible to the IOS Supplier, and therefore, the IOS Supplier will continually question their validity.

2. The use of Participation Factor requires that the AGC System of the control area be of a specific design.  Many AGC Systems no longer use participation factors in allocating control requests.  A criteria that tells someone how to do something instead of just specifying the what should be done will stop innovation and not achieve the desired results.

3. Are there a separate Participation Factors required for Regulation and Load Following?  Does this add an additional level of complexity to the measurement methodology?  Do the operators when requesting Load Following need to assign those requests proportionally among the suppliers supplying the Load Following service?  The answers to these questions are unclear.

Comment 15:

The identification of the need to have average energy delivery equal to scheduled energy delivery is correct.  This results in the average energy component of the SCE to be equal to zero.  The policy is silent with respect to how over or under average energy deliveries should be evaluated.  It is reasonable to assume that this would be covered in the standard energy contract.  This should be explicitly stated within the policy or the policy should explicitly state how energy delivery differences will be evaluated.

Comment 16:

The development of the SCPS1 measurement criteria is an attempt to measure suppliers in a manner similar to control areas.  In an attempt to develop a measure consistent with CPS1, SCPS1 has lost the simplicity and the basic understanding of interconnection operations that is contained within the CPS1 measure.  Rather than comment on SCPS1, an alternative measure that has neither the complexity nor the weaknesses of the SCPS1 measure is offered.

SCPS1 Alternative, SDS:

The goals of the NERC Control Performance Standard are different from the goals of a Supplier Delivery Standard.  The control areas are voluntarily sharing the responsibility for maintaining interconnection reliability.  The IOS Suppliers are entering into contracts to deliver specific products to the control areas.  These differences justify differences in how each entity should be judged with respect to how well they meet their responsibilities for maintaining reliability.

CPS1 implicitly recognizes that some error should be allowed in the meeting of frequency control responsibilities to the interconnection.  The standard that is set by CPS1 is a standard that insures that interconnection reliability is maintained by bounding the frequency error distribution.  Control Areas are allowed to deliver slightly less service than they have contracted for as long as the interconnection frequency error distribution remains acceptable as measured by epsilon.  Epsilon specifically recognized that there is some margin of frequency control that is less than ideal but that will maintain reliability.

IOS Suppliers on the other hand have contracted to deliver specific services and should be held accountable for the delivery of those services.  Would you go to your local gas station, ask for, and pay for 20 gallons of gas while assuming that it is acceptable to receive only 19 gallons of gas?  IOS Suppliers should be held accountable for delivering all of the IOS that they have contracted to supply.  To do anything less suggests that commercial contracts should not be fully enforced.

Therefore, the issue is, how to determine whether a specific service has been delivered when it is known that there will be unavoidable short-term errors in the delivery of the service.  I believe that the answer to this question obvious.  All of the IOS being considered within these comments are used for interconnection frequency control.  Therefore, a measure of their ultimate value with respect to their contribution to interconnection frequency control would be an appropriate measure to use.

The measure that would meet the above criteria is the measure previously shown in the numerator of the left-hand side of equation (10) repeated below, -10 i.
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(10)

This term has exactly the correct characteristics that are desired to determine whether an IOS that is being used for interconnection frequency control has been delivered.  It allows for the unavoidable error associated with the delivery of energy and frequency control IOS.  It measures whether or not the over-delivery errors have balanced the under-delivery errors and provides a result that not only indicates whether or not these errors have balanced, but it also provides a meaningful measure of how much under-delivery or over-delivery has occurred.  It has a value that is greater than zero when in there is an under-delivery of service, a value that is less than zero when in there is an over-delivery of service and it has a value of zero when the correct amount of service has been delivered.  The Supplier Delivery Standard can be based on the following inequality.
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The suggested standard has many advantages over the suggested SCPS1.

1. The formula is quite simple.  It includes only three terms.

2. All three of the terms are available locally for all of the participants in the contract for services.  This allows the IOS Supplier to calculate its performance on an ongoing basis and to adjust its systems to deliver the service contracted.

3. Since the magnitude of the under-delivery of the service is measured in MW / 0.1 Hz, i, penalties for under-delivery can be determined on a consistent basis.  That is if the penalties on the templates are adjusted to be proportional to Frequency Bias, MW / 0.1 Hz, as previously suggested.  Large magnitudes of under-performance result in large penalties, small magnitudes of under-performance result in small penalties.

4. The measure for under and over delivery is totally consistent with the NERC Control Performance Standard.  Any under-delivery in the IOS will result in exactly the same change in the control area’s performance as was measured for the IOS under-delivery.  This is the direct linkage between the NERC Policy 1 as applied to control areas and the NERC Policy 10 as applied to IOS suppliers required to justify Policy 10 from a reliability point of view.

Penalties and Sanctions
The dollar sanction shall be the larger of a) the fixed dollar amount shown in the attached Enforcement Table or b) the calculated dollar amount using the $/MW value shown in the Enforcement Table times the IOS Supplier’s peak declared sum of Regulation and Load Following capability for that calendar month.  Capability is defined in real power (MW) as the range of Regulation and Load Following maneuverability under instructions (controls) of the Operating Authority.
In addition to the above NERC penalties, the Operating Authority may require recovery of damages, such as for the replacement of energy or capacity, in accordance with applicable contracts.
Comment 17:

The penalties as defined in this section are obviously unfair in the way they are calculated and applied.  There are only four levels of non-compliance calculation.  There may be very large differences under these circumstances between the magnitude of the penalty and the effect on interconnection reliability.  Inconsistencies in the penalty assessment process must be corrected as soon as possible.

Operating Policy 10 Template 3:
Standard
In response to the instructions of the Operating Authority, and subject to the declared capabilities of the IOS Resource, the IOS Resource shall provide at least 100%, and not greater than 120%, of the stated real power (MW) amount within (TDCS – X) minutes of the receipt of the instructions.  The variable “X” is the Operating Authority notification delay.  Furthermore, the IOS Resource shall maintain between 100% and 120% of the stated real power (MW) amount for the 20 minutes (or for the Contingency Reserve deployment period) following TDCS.  Finally, the IOS Resource shall go to within 90% to 110% of its post-contingency scheduled output, subject to the declared capabilities of the IOS Resource, within 10 minutes following instructions from the Operating Authority.
Comment 18:

The output of the resource is not defined during the time from the beginning of the (TDCS – X) period until the end of the (TDCS – X) period.  At the very least, this schedule should be defined as zero.  If no schedule is defined, then it is not possible to calculate performance for other concurrently scheduled IOS such as Immediate Response, Sustained Response, Regulation and Load Following.  The ability to calculate performance for these other services is not possible because the Supplier Control Error calculation requires schedules to be defined.  If Supplier Control Error cannot be calculated then performance based on Supplier Control Error cannot be calculated.

Even if the schedule during the (TDCS – X) period is set to zero, it will have an effect on the measurement of the delivery of concurrent IOS such as Immediate Response, Sustained Response, Regulation and Load Following because it will influence the calculation of the SCE for those other services.  The only way to eliminate this undesirable effect on the measurement of concurrent IOS is to assign a mutually agreed on-ramp for the delivery of Contingency Reserve.

Comment 19:

The above discussion is the very reason that the “Single Meter Problem” was investigated and offered previously to this group for consideration.  A copy of the single meter problem discussion has been attached to these comments.

Comment 20:

The setting of the 100% to 120% limits is arbitrary.  It will have a detrimental effect of requiring suppliers to carry more reserve than contracted for because of the nature of the penalties.  Since the amount of Contingency Reserve subsequently delivered will tend to be greater than the amount requested, the Operating Authority will be tempted to adjust reserve implementation downward to account for the over delivery.  In addition, since the over delivery is required by the measurement method, should the Operating Authority be required to compensate the IOS Supplier for extra energy delivered between the 100% and 120% level?  Compensating otherwise will create an uncompensated requirement associated with the delivery of the IOS.  If an IOS Supplier is concurrently supplying Regulation and Load Following, should the delivery of the Regulation and Load Following services be penalized by the over delivery required by the Contingency Reserve?  Unfortunately, the IOSITF can only make limited adjustments to correct this problem since the basic limitation is that the DCS is defined deterministically instead of probabilistically.

Comment 21:

The 20-minute Contingency Reserve deployment period should be adjusted to recognize the individual differences between regions on the interconnections.  It might make sense to define this period as a variable similar to the way the (TDCS – X) period has been defined.

Comment 22:

At the end of the 20-minute Contingency Reserve deployment period, the disturbance has ended and the interconnection is in a reliability position similar to the position that it was in before the disturbance.  Why should the ramp-off be measured any differently than any other interchange ramp?  If a generator is supplying both Contingency Reserve and replacement energy for that Contingency Reserve, under what set of rules should it be judged while it is performing a concurrent off-ramp and on-ramp of the same magnitude?  What kind of gaming opportunities does this situation provide for that generator?  If instead of one generator, what if the off-ramp is for one generator and the on-ramp is for another generator from the same station owned by the same supplier?  Should the off-ramp and concurrent on-ramp used to replace it be judged by different sets of rules?

Comment 23:

The 10-minute Contingency Reserve ramp-off period should be adjusted to recognize the individual differences between regions on the interconnections.  It might make sense define this period as a variable similar to the way the (TDCS – X) period has been defined.

Full (100%) Compliance Requirements
IOS Resource loaded, sustained, and unloaded the stated Contingency Reserve amount in MW, within the allowed band-width of 100% to 120%, in the time periods stated in the standard:
· Loads instructed Contingency Reserves within (TDCS – X) minutes,

· Sustains instructed Contingency Reserves for the 20 minutes following (TDCS – X) minute loading window, and

· Unloads instructed Contingency Reserves within 10 minutes of instruction to unload and goes to within 90% to 110% of post-contingency scheduled output, subject to stated capabilities of the IOS Resource.
Levels of Non-Compliance:
The IOS Resource will receive a score (0 to 100) for each deployment of Contingency Reserves according to the following grading procedure applied to the one-minute average real power outputs of the IOS Resource:
1. Loading at least 100% of Contingency Reserve amount in MW in (TDCS – X) minutes receives 100 points.  For responses less than 100%, the IOS Resource receives 10 points for each 10% of Contingency Reserves delivered in (TDCS – X) minutes.
2. Sustaining the Contingency Reserve output outside the 100% to 120% band-width receives a 1 point deduction for each non-compliant minute up to a maximum of 20 minutes (1 point for each non-compliant minute).
3. Unloading the Contingency Reserve output outside the post-contingency schedule band-width (90% to 110%) within 10 minutes receives a 0.5 point deduction for each non-compliant minute (0.5 point for each non-compliant minute) up to a maximum of 20 minutes.

The Operating Authority will compute IOS Resource’s average score for all deployments within a quarter.  The quarterly score will then be assigned a “level” according to the following:

· Level 1 
Score>=85% but <90%

· Level 2
Score>=80% but <85%

· Level 3
Score>=75% but <80%

· Level 4
Score<75%

Comment 24:

This method of measuring compliance, non-compliance and weighting levels of non-compliance is totally without any technical justification.  It is complex and no attempt is made to relate the penalties that the non-compliance will generate to the effect that the non-compliance will have on interconnection reliability.  This portion of the template should be totally reworked.  It is without merit ! !
Penalties/sanctions

The dollar sanction shall be the larger of a) the fixed dollar amount shown in the attached Enforcement Table or b) the calculated dollar amount using the $/MW value shown in the Enforcement Table times the IOS Supplier’s peak declared Contingency Reserve capability for that calendar quarter.  Capability is defined in real power (MW) as the amount of Contingency Reserve response capability under instructions of the Operating Authority.
Comment 25:

It is impossible to evaluate the quality of the penalty without having a better measurement and compliance evaluation, although on the surface, it would appear that the penalty structure could work.
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� This is not specifically included in the current tariff, but it is also not prohibited.


� A 5% Droop indicates that a 5% change in interconnection frequency will cause the governor of the generating unit to adjust output by 100% of the capacity of the generator in a direction to oppose the change in frequency.  This translates into a 20% change in generator output for each 1% change in interconnection frequency.


� Recommendation for the Wholesale Electric Industry of North America: Inadvertent Interchange, A White Paper Prepared by the NERC Joint Inadvertent Interchange Task Force, May 10, 2002.  Available:  � HYPERLINK "http://www.naesb.org/pdf/weq_iiptf021303w4.pdf" ��http://www.naesb.org/pdf/weq_iiptf021303w4.pdf� , pp. 64-96.


� H. F. Illian, “Defining Good and Bad Inadvertent,” Prepared for the NERC Joint Inadvertent Interchange Task Force, January 2002.  Available:  � HYPERLINK "http://www.naesb.org/pdf/weq_iiptf021903w1.pdf" ��http://www.naesb.org/pdf/weq_iiptf021903w1.pdf�
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